6 The above compounds at 1OpM had no effect upon the increased [Ca2+]i induced by either LTB4 or the calcium ionophore, ionomycin.
Introduction
U937 cells are a continuous line of human cells of committed monocytic origin which are derived from the pleural exudate of a patient with diffuse histiocytic lymphoma (Sundstrom & Nilsson, 1976) . They represent immature monocytic cells and upon stimulation to differentiate by appropriate stimuli, undergo morphological and functional maturation similar to that described for normal monocytic cells. U937 cells have some macrophage characteristics including esterase, surface Fc and C3 receptors, and the capacity for phagocytosis, lysozyme synthesis and antibody-dependent cell-mediated cytotoxicity (Harris & Ralph, 1985) . Furthermore, like human monocyte-macrophages, U937 cells are a source of ' Author for correspondence. monokines such as interleukin-1 (Palacios et al., 1982; Barak et al., 1986 ) and can, under appropriate conditions, be stimulated to produce and release prostaglandin E2 (Cobb et al., 1983; Roux-Lombard et al., 1986) . Therefore, they serve as a useful model for studying human monocyte maturation and function.
In a previous study, we showed that plateletactivating factor (Paf, 1-0-octadecyl-2-0-acetyl-snglycero-3-phosphoryl-choline) a lipid mediator which is produced by and activates a range of inflammatory cells, (reviewed by Braquet et al., 1987) induced IL-l-like activity from human monocytemacrophage cultures (Barrett et al., 1987) . Although the actions of Paf on platelets and neutrophils are well documented (Chignard et al., 1985; Westwick & Poll, 1987 ) the actions of Paf on monocytemacrophages, particularly of human origin, are less well known.
Platelet-activating factor has been shown to activate guinea-pig peritoneal macrophages in terms of increased glucose consumption (Hayashi et al., 1985a,b) , superoxide generation , chemiluminescence (Lambrecht & Parnham, 1986) and enhanced prostaglandin E2 (PGE2) and thromboxane B2 (TxB2) release (Hartung, 1983) . More recently, Paf has been shown to elevate
[Ca21]i in guinea-pig peritoneal macrophages (Conrad & Rink, 1986) and in U937 cells (Maudsley & Morris, 1987) . Despite these functional events evoked by Paf, there has been a report that there is no specific Paf receptor on guinea-pig macrophage membranes (Hwang et al., 1983) .
The purpose of this study was to characterize the nature of the Paf receptor present on U937 cells by measuring an early post-receptor event, namely elevation of [Ca2+] i by using U937 cells loaded with the fluorescent probe fura-2 (Grynkiewicz et al., 1985) . Receptor characterization was aided by the use of natural and unnatural enantiomers of Paf, a racemic stable analogue, and five compounds that have been described as specific Paf receptor antagonists, at least with respect to platelet activation.
Methods
Cell line U937 cells were grown in RPMI-1640 (Gibco) supplemented with 10% heat-inactivated foetal calf serum (HIFCS) and 100 units ml1 penicillin/ streptomycin (Gibco) at 370C in a humidified atmosphere at 5% Co2.
Loading withfura-2 U937 cells were suspended at i07 cells ml-in RPMI-1640 medium supplemented with 10 % HIFCS and incubated for 30 min at 37°C with 2.5 gM fura-2 acetoxymethyl ester. After incubation, the cells were washed three times in 20ml of calciumfree, HEPES buffered, Tyrode solution (composition, mM: HEPES 10, NaCl 145, KCI 5, MgCl2 1, Na2HPO4 0.5, glucose 5.5 and 0.25% bovine serum albumin, pH 7.4, 37°C) and finally re-suspended at 2 x 106 cells ml-I in HEPES buffer.
Intracellularfree calcium
Aliquots of cells (1 ml) suspended in HEPES buffered Tyrode solution were dispensed into disposable cuvettes and the external Ca2 + concentration ([Ca2+] 0) adjusted to 1 mm with CaCl2. Cuvettes were transferred to an Aminco Bowman spectrophotofluorimeter (excitation A 339 nm, emission A 500 nm-4 nm slit width, fitted with thermostatted cuvette compartment holder with stirring attachment) for fluorescence reading at 37°C. Leakage of fura-2 from the U937 cells was shown to be small as determined by the quench in fluorescence signal produced by the addition of 1 mm Ni2l. The [Ca2+]i of the U937 cells was determined by the chelation method and formula as described in detail by Pollock et al. (1986) . The F.. was determined by lysing the cells with 40yM digitonin in the presence of t mm Ca2 . The Fmin was determined by adjusting the pH of the lysed cells to 8.5 with 20mM Tris base followed by the addition of 10mM EGTA. Cells were allowed to equilibrate at 37°C for 2 min before agonists or vehicle were added directly to the cellcontaining cuvettes. Potential antagonists or vehicles were added 1 min before the agonist. (Terashita et al., 1983; Burri et al., 1985; Hwang et al., 1985; Braquet et al., 1985; Nunez et al., 1986; Casals-Stenzel et al., 1986 action of the Paf receptor antagonists, the stereospecificity of the effect and the fact that lyso-(R)-Paf, which is both the precursor and metabolite of (R)-Paf, is inactive in this system.
Platelet-activating factor receptor sites have been detected on the plasma membranes of human and rabbit platelets (Valone et al., 1982; Hwang et al., 1983; Kloprogge & Akkerman, 1984; Tuffin et al., 1985; Cavero et al., 1987) , bovine and guinea-pig polymorphonuclear leucocytes (Hwang et al., 1983; Valone & Goetzl, 1983) , rabbit ileum, guinea-pig ileum and lung (Hwang et al., 1983) . There are conflicting reports as to whether or not there are single affinity binding sites (Kloprogge & Akkerman, 1984; Hwang et al., 1985; Cavero et al., 1987) or two binding sites of high and low affinity (Valone et al., 1982; Valone & Goetzl, 1983; Tuffin et al., 1985) . We are now examining [3H]-Paf binding to U937 cells so that we may further characterize the Paf receptor present on these cells.
It would appear that signal transduction following Paf-receptor binding intimately involves guanyl nucleotide regulatory proteins. (Haslam et al., 1985; Lad et al., 1985; Hwang et al., 1986 ). An investigation into the mechanism of stimulus-response coupling in U937 cells, especially with respect to the guanyl nucleotide regulatory proteins and polyphosphoinositol metabolism (Berridge & Irvine, 1984) , may elucidate the mechanism by which Paf interacts with plasma membrane receptors to induce calcium mobilisation.
